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SUMMARY 

by 
Sh. Sh. Dolginov 

E . G .  Yeroshenko & 
L.N.  Zhuzgov 

. T h i s  p a p e r  g i v e s  a d e t a i l e d  d e s c r i p t i o n  of magne t i c  f i e l d  o b s e r v a t i o n s  
i n  the i n t e r p l a n e t a r y  s e c t o r  of VENERA-4 ' s  t r a j e c t o r y ,  between 23000 and 200 
k i l o m e t e r s  from t h e  c e n t e r  of  p l a n e t  VENUS.  D e s c r i p t i o n  i s  g i v e n  o f  t h e  i n -  
s t r u m e n t a t i o n  c o n s i s t i n g  o f  a t h r e e - e l e c t r o d e  f e r r o s o n d e  magnetometer.  The 
c o n c l u s i o n s  d e r i v e d  from t h i s  experiment r u l e  o u t  t h e  e x i s t e n c e  of  any sub- 
s t a n t i a l  p r o p e r  d i p o l e  magnet ic  f i e l d  of  Venus. 
p l a s m a  d i s t r i b u t i o n  i n  t h e  n e a r - p l a n e t a r y  s e c t o r  i s ,  however f a r  from t r i v i a l  
and c a l l s  f o r  f u r t h e r  s t u d i e s .  A t  t h i s  t i m e  t h i s  p a t t e r n  i s  i n  no way incon-  
s i s t e n t  w i t h  t h e  concep t  t h a t  VENERA-4 c r o s s e d  t h e  shock  f r o n t  near s 2 3 0 0 0  km. 
More prolonged o b s e r v a t i o n s  are r e q u i r e d  and emphasis shou ld  b e  g iven  t o  t h e  
d i u r n a l  s i d e .  
of  Venus and on t h e  i n t e r a c t i o n  mechanisms between t h e  magnet ized s o l a r  wind 
plasma and the heaven ly  b o d i e s .  

The p a t t e r n  of  f i e l d  and 

These d a t a  may e v e n t u a l l y  throw l i g h t  on t h e  i n t e r n a l  s t r u c t u r e  

INTRODUCTION 

The i n v e s t i g a t i o n s  of m a g n e t i c  f i e l d s  i n  t h e  v i c i n i t y  of 
o t h e r  ce l e s t i a l  b o d i e s  [ l -31 ,  having  s t a r t e d  w i t h  s t u d i e s  of 
t h e  l u n a r  magnet ic  f i e l d ,  have a l r e a d y  y i e l d e d  i m p o r t a n t  e x p e r i -  
m e n t a l  data  r e s u l t i n g  i n  a r e f u t a l  of t h e  e x i s t i n g  prognoses  on 
t h e  d e g r e e  o f  magne t i za t ion  and o f  concep t s  on t h e  u n i v e r s a l  p r e -  
v a l e n c e  of celest ia l  body magne t i za t ion .  These have s t r o n g l y  
s t r e n g t h e n e d  t h e  p o s i t i o n  o f  t h e  magnet ic  dynamo t h e o r y  which i s  
t h e  m o s t  deve loped  and f r u i t f u l  t h e o r y  of t h e  E a r t h ' s  magnet ic  
f i e l d .  

Di rec t  i n v e s t i g a t i o n s  o f  t h e  magne t i c  f i e l d  i n  t h e  v i c i n i t y  
of  p l a n e t s  y i e l d  i n f o r m a t i o n  on t h e  p o s s i b l e  p h y s i c a l  c o n d i t i o n s  
i n  t h e  i n t e r i o r  of p l a n e t s  and on e l e c t r o m a g n e t i c  c o n d i t i o n s  i n  
t h e  upper  a tmosphe r i c  l a y e r s ,  inasmuch as t h e  o r g a n i c  r e l a t i o n s h i p  
of  t h e s e  c o n d i t i o n s  w i t h  t h e  magnetic f i e l d  h a s  been s t u d i e d  i f  

* D e s t i n e d  f o r  p u b l i c a t i o n  i n  S B  " V e n e r a "  
a n d  K o s m i c h e s k i y e  I s s l e d o v a n i y a .  

[ N . R .  I ndu lgence  i s  r e q u e s t e d  from t h e  r e a d e r ,  as  t h i s  t r a n s l a t i o n  w a s  
made from n poor  copy o f  a t y p e w r i t t e n  p r e p r i n t ,  some of  t h e  s i g n s  b e i n g  
h a r d l y  l e g i b l e  had t o  b e  r e a d  "between t h e  1 i n e s " I  
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on ly  i n  v a r y i n g  d e g r e e s  w i t h  r e s p e c t  t o  t h e  E a r t h .  

Magnet ic  f i e l d  measurements c a r r i e d  o u t  i n  1962 d u r i n g  t h e  
f l i g h t  of  MARINER-2 at t h e c l o s e s t  d i s t a n c e  of  4 1  thousand km 
from t h e  c e n t e r  of t h e  p l a n e t  a l lowed us t o  estimate [ 2 ]  t h e  
p o s s i b l e  magnet ic  moment of Venus a s  b e i n g  l o w e r  by a f a c t o r  o f  
10-20  t h a n  t h a t  of t h e  E a r t h .  T h i s  r e s u l t  i s  i n  agreement w i t h  
a l o w e r  a n g u l a r  r o t a t i o n  v e l o c i t y  of  Venus a s  compared w i t h  t h a t  
o f  t h e  E a r t h ,  w i t h i n  t h e  framework of any h y p o t h e s i s .  Making 
more p r e c i s e  t h e  upper  l i m i t  of t h e  p o s s i b l e  Venusian magne t i c  
f i e l d  c o n s t i t u t e d  t h e  foremost t a s k  of  t h e  magnet ic  i n v e s t i g a t i o n s  
of t h e  i n t e r p l a n e t a r y  s t a t i o n  VENERA-4. 

1 

The fo rma t ion  of  a shock f r o n t  r e p r e s e n t s  t h e  c h a r a c t e r i s t i c  
p e c u l i a r i t y  of t h e  i n t e r a c t i o n  between s o l a r  wind and t h e  geo- 
magne t i c  f i e l d .  I ts  fo rma t ion  as a r e s u l t  o f  s u p e r s o n i c  so la r  
plasma f low p a s t  t h e  geomagnetic f i e l d  was p r e d i c t e d  as e a r l y  as 

p r i o r  t o  t h e  beg inn ing  of d i r e c t  expe r imen t s  i n  o u t e r  space  [4]  
and w a s  e x p e r i m e n t a l l y  confirmed d u r i n g  t h e  f l i g h t  of EXPLORER-18 
[ 5 1  

P l a n e t s  and comets devoid of p r o p e r  magnet ic  f i e l d  must a l so  
e x e r t  a p e r t u r b i n g  a c t i o n  dur ing  so l a r  wind f l o w  p a s t  them. The 
n a t u r e  of  t h e  p e r t u r b a t i o n  must depend on t h e  e f f e c t i v e  e lectr ical  
p r o p e r t i e s  of t h e  celest ia l  body. The extreme cases s t u d i e d  i n  
[61 ,  namely t h e  i n s u l a t o r  w i t h  d i e l e c t r i c  and magne t i c  p r o p e r t i e s  
o f  a vacuum ( E  = E ~ ,  P-Po 0 = 0) and t h e  nonmagnetic i d e a l  conduc to r  
(11 = 0,a = a), r e s u l t e d  i n  t h e  concep t  of p e r t u r b i n g  e f f e c t s  of 
d i f f e r e n t  n a t u r e  t o  be expec ted  i n  t h e  v i c i n i t y  of t h e  Moon [7]. 
Even ear l ier  s imi l a r  e f f e c t s  were p r e d i c t e d  f o r  comets [8,9]. 

I t  w a s  assumed on t h e  b a s i s  of  t h e  gas-dynai i ica l  analogy o f  
s o l a r  plasma f l o w  p a s t  b o d i e s  devoid of p r o p e r  magne t i c  f i e l d  
t h a t  t h e  shock f r o n t  i s  formed p r o v i d e d  t h e  f u l f u l l m e n t  of t h e  
c o n d i t i o n  L >) .n ,  where L are t h e  dimensions of t h e  o b s t a c l e  and 
Il i s  t h e  g y r o r a d i u s  of p r o t o n s  i n  t h e  i n t e r p l a n e t a r y  space  [lo]. 
D i r e c t  i n v e s t i g a t i o n s  i n  t h e  immediate v i c i n i t y  of t h e  Moon 
f a i l e d  t o  d e t e c t  a shock  f r o n t  111, 1 2 1  a l though  t h e y  d i d  e s t a b l i s h  
t h e  f a c t  of t h e  p e r t u r b i n g  a c t i o n  of t h e  Moon when solar  wind f lows 
p a s t  i t  [l ,131. I n  o r d e r  t o  a s c e r t a i n  whether  o r  n o t  p l a n e t  Venus 
e x e r t s  a p e r t u r b i n g  a c t i o n  i n  t h e  i n t e r p l a n e t a r y  medium w a s  t h e  
second  t a s k  of t h e  magnet ic  measurements from A I S  "VENERA-4". 

The p r e s e n t  work w i l l  examine and d i s c u s s  t h e  e x p e r i m e n t a l  
d a t a  o b t a i n e d  i n  t h e  n e a r - p l a n e t a r y  t r a g e c t o r y  sector of A I S  
VENERA-4, a t  a d i s t a n c e  from 31,000 km t o  200 km from Venus' s u r -  
f a c e .  Moreover, when d i s c u s s i n g  t h e  m e t r o l o g i c a l  c h a r a c t e r i s t i c s  
of t h e  exper iment  and t h e  s p e c i a l  f e a t u r e s  of t h e  f i e l d  i n  t h e  
immediate  v i c i n i t y  of  t h e  p l a n e t  w h i l e  drawing on t h e  e x p e r i m e n t a l  
d a t a  o b t a i n e d  i n  t h e  i n t e r p l a n e t a r y  s p a c e ,  w e  s h a l l  r e p o r t ,  as a 
p r e l i m i n a r y  r e s u l t ,  on t h e  p e c u l i a r i t i e s  of t h e  i n t e r p l a n e t a r y  
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f i e l d  observed  d u r i n g  t h e  f l i g h t  toward Venus i n  a p e r i o d  of 
s i g n i f i c a n t  so l a r  a c t i v i t y .  

I .  METROLOGICAL CHARACTERISTICS OF THE 
EXPERIMENT. 

A I S  VENERA-4 w a s  equipped w i t h  a three-component f e r r o s o n d e  
magnetometer*. The measurement r ange  f o r  each  component c o n s t i t u t e d  
+ 5 3  y ,  i t s  t e l e m e t r y  r e s o l u t i o n  w a s  + 1 , 6  y .  The s e n s i n g  e l emen t  
of t h e  magnetor:v.LtSr. w a s  f i x e d  on a rod 3.5 ;n l ong  b u t  owing t o  t h e  
i n c l i n a t i o n  o f  t h e  rod toward t h e  c o n t a i n e r  a x i s  t h e  m a x i m u m  d is -  
t a n c e  from t h e  s e n s i n g  e lements  t o  t h e  body of t h e  s t a t i o n  w a s  
2 . 2  m.  During t h e  p r e p a r a t i o n  for  t h e  f l i g h t  t h e  h a r d  component 
of c o n t a i n e r ' s  magnet ic  d e v i a t i o n  w a s  measured and compensated 
w i t h  permanent magnets.  However, t h e  u n c e r t a i n t y  as t o  t h e  magni- 
t ude  of e l e c t r o m a g n e t i c  d e v i a t i o n  - a s o f t  component magnet ic  de- 
v i a t i o n  - cou ld  cause  zero c reeps .  

For  t h e  purpose  o f  de te rmining  t h e  v a l u e s  of f i x e d  b i a s e s  due 
t o  t h e  e f f e c t  o f  magnet ic  and e l e c t r o m a g n e t i c  d e v i a t i o n s  of s t a t i o n ' s  
frame on August 16 t h e  s t a t i o n  w a s  imparted a s p i n  motion r e l a t ive  t o  
t h e  a x i s  close t o  t h e  d i r e c t i o n  t o w a r d  t h e  Sun. A t  such  a motion 
t h e  r e a d i n g s  of magnetometer channels  are d e s c r i b e d  by e q u a t i o n s  

X = TcosB cosax + TsinB sina,  cos(wt  + @x) + Xo, 
Y = TcosB cosa + Tsinfi s i n a  cos(wt + aY) + Yo, 
Z = TcosB cosciz + TsinB s ina ,  cos(wt + @=) + Z o .  

Y Y 

where T i s  t h e  f i e l d  v e c t o r  nodu lus ,  
6 i s  t h e  angle  between T and t h e  ro t a t ion  a x i s ,  

ax, a y ,  aZ are t h e  ang le s  d e f i n i n g  t h e  p o s i t i o n  of t h e  
r o t a t i o n  a x i s  i n  t h e  magnetometer s e n s o r  
system of c o o r d i n a t e s ,  

w i s  t h e  angu la r  r o t a t i o n  v e l o c i t y  o f  t h e  s t a t i o n ,  
+x, G Y ,  +, are t h e  i n i t i a l  p h a s e s ,  
X , ,  Y o ,  z ,  are t h e  f i x e d  b i a s e s  caused  by magne t i c  de- 

v i a t i o n .  

Fig.  I shows t h e  d i s p o s i t i o n  of s e n s i n g  e l emen t s  X ,  Y ,  Z ,  
r e l a t ive  t o  t h e  system of c o o r d i n a t e s  Xi, YX, Z;, l i n k e d  w i t h  t h e  
o b j e c t .  Axis XX, normal t o  t h e  p l a n e  of so l a r  b a t t e r i e s ,  c o i n c i d e d  
w i t h  t h e  r o t a t i o n  a x i s  and w a s  d i r e c t e d  toward t h e  Sun. The a n g l e s  
ax = 4 2 " ,  a y  = 64" and a ,  = 120"  w e r e  de te rmined  f r o m  s t r u c t u r a l  
d a t a .  

* T h e  t h r e e - c o m p o n e n t  m a g n e t o m e t e r  SG-59M was  d e v e l o p e d  a t  t h e  
S p e c i a l  D e s i g n  O f f i c e  o f  t h e  U S S R  M i n i s t r y  o f  G e o l o g y .  



Fig .1 .  
P o s i t i o n  o f  m a g n e t o m e t e r  s e n s i n g  e l e m e n t s  X , Y , Z  

i n  s t a t i o n  c o o r d i n a t e  s y s t e m  Xi, YA, 2:. 

Fig .  2 shows t h e  magnetograms of components X ,  Y,Z, ob- 
t a i n e d  f r o m  aboard  t h e  s t a t i o n  d u r i n g  t h e  r o t a t i o n  s e s s i o n  of  
August 1 6 ,  1 9 6 7 .  The ampli tude v a l u e s  of  t h e  components are: 

B x  = T s i n  f3 s i n  ax = 5y 

B y  = T s i n  f3 s i n  a y  = 7y 

B, = T s i n  B s i n  a ,  = 6 . 5 ~  

These v a l u e s  make i t  p o s s i b l e  t o  de termine  t h e  f i e l d  comPonent 
p e r p e n d i c u l a r  t o  t h e  r o t a t i o n  a x i s :  T ,  = T s i n  (3 
and (correct t o  t h e  s i g n )  t h e  a n g l e s  &, a y ,  a , ,  from t h e  con- 

= v T 2  ( B i  +S% +B;) 

B z  
, s i n  a ,  = - d i t i o n s :  s i n  ax = --; s i n  a = -. B X  BY 

T, T, T, 
b u t  a2 = 57O a lso  s a t i s f i e s  t h e  d a t a .  
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. 

w . . W",. 

. - ., 
c . .  . rs3 

T h e  m a g n e t o m e t e r  r e a d i n g s  d u r i n g  t h e  t w i s t  s e s s i o n  
o f  A u g u s t  1 6 ,  1 9 6 1 .  S ,  Y ,  Z a r e  t h e  c u r v e s  o f  f i e l d  
c o m p o n e n t  i n  t h e  s e n s o r  c o o r d i n a t e  s y s t e m ;  T U c x  i s  
t h e  c u r v e  o f  t h e  t o t a l  v e c t o r  w i t h o u t  e x c l u s i o n  o f  
c o r r e c t i o n s ;  Tu,,  i s  t h e  t o t a l  v e c t o r  f o l l o w i n g  t h e  

i n t r o d u c t i o n  o f  c o r r e c t i o n s .  

The v a l u e s  of these ang les  w e r e  found t o  be equal  t o  a ,  = 39'; 
t i  = 7 0 " ;  (iz = 123O, w h i c h  i s  close t o  t h e  v a l u e s  o b t a i n e d  f r o m  
s t r u c t u r a l  d a t a .  
t h c  f a c t  t h a t  by then  t h e  magnetometer 's  r e sponse  d i d  n o t  n o t i c e a b l y  
chanqe.  The agreement between s t r u c t u r a l  and magnetometr ic  a n g l e s  
c y x ,  c y y ,  ( 3 %  would t a k e  p l a c e  a l s o  i f  t h e  s e n s i t i v i t y  of t h e  t h r e e  
independen t  channe l s  w e r e  t o  change a b s o l u t e l y  i d e n t i c a l l y .  

This  c i rcumstance  i s  much r a t h e r  ev idence  of 

During t h e  August 16  s e s s i o n  t h e  f i e l d  component t r a n s v e r s e  . I n  o r d e r  t o  de t e rmine  7r t o  t h e  r o t a t i o n  a x i s  w a s  e q u a l  t o  TI = 
the f i e l d  component p a r a l l e l  t o  t h e  r o t a  i o n  a x i s  T,,  = T c o s P ,  it is  
n e c e s s a r y  t o  know t h e  q u a n t i t i e s  A, = ~ c o s P c ~ s a , ,  = T C O S ~ ~ ,  A~ = 
= T c o s ~ ~ ,  which are i n s e p e r a b l e  from b i a s e s  ax, a y ,  aZ. The know- 
l e d g e  of a n g l e s  a x ,  a , a ,  , y i e l d s  o n l y  t h e  r a t i o  between them 

Y 
A , / A ~ / A , /  = C O S ~ , / C O S ~ ~ / C O S ~ ,  
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I n  o r d e r  t o  f i n d  t h e  a b s o l u t e  v a l u e s  of  Ax, A y ,  A , ,  it w a s  
assumed t h a t  on  t h e  average t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  
l i es  i n  t h e  e c l i p t i c  p l a n e  and i s  i n c l i n e d  a t  an a n g l e  of 45" 
t o  t h e  d i r e c t i o n  a t  t h e  Sun. Th i s  assumpt ion  i s  based  on theo -  
r e t i ca l  c o n c l u s i o n s  and expe r imen ta l  r e s u l t s  114-171 . Hence 
f o l l o w s  

B = 45"; TII = TI = 7y  

The v a l u e s  o f  A, A A, and X o  Y o  Z, f o r  t h e  case f3 = 45" are 
compiled i n  t h e  t a b l e  here.after:  

c 

The v a l u e  o f  t h e  magnet ic  f i e l d  vector modulus w a s  found t o  be 
e q u a l  t o  loy which i s  n o t i c e a b l y  h i g h e r  t h a n  median f i e l d  values.  
Th i s  might  be e x p l a i n e d  by t h e  i n c r e a s e d  a c t i v i t y  on t h a t  day 
( K ~  = 3)  which i n  i t s  t u r n  p o i n t e d  t o  t h e  d e f i n i t e  p r o b a b i l i t y  
t h a t  a n g l e  B d i f f e r e d  from B = 45". I f  t h i s  d i f f e r e n c e  w a s  
w i t h i n  _t15", t h e  v a l u e s  of TI: and T c o u l d  be r e s p e c t i v e l y :  

B = 30°; TI1 = ] 2 y ;  T = 1 4 y  

8Y (3 = 6 0 " ;  T I I  = 4y; T = 

Thus, d u r i n g  t h e  s e s s i o n  of August 1 6  t h e  c o n s t a n t  e r r o r  i n  
t h e  a b s o l u t e  v a l u e  o f  t h e  modulus cou ld  r e a c h  + 4 y  and -2y. 
s u b t r a c t i n g  t h e  q u a n t i t i e s  X O ,  Y O ,  Z O  from t h e  r e a d i n g s  o f  t h e  
f i e l d  components measured dur ing  t h e  t w i s t  s e s s i o n ,  t h e  vector 
modulus has  no  modulat ion w i t h  t h e  r o t a t i o n  p e r i o d .  
t h e  n e a r e s t  magnetoquie t  days t h e  v a l u e s  of T w e r e  found t o  be 
c l o s e  t o  t h e  mean v a l u e  of t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  
( F i g . 3 ) ,  t h i s  s e r v e d  as t h e  b a s i s  f o r  a c c e p t i n g  t h e  c o r r e c t i o n s  
X, = SY; Y o  = 18y;  Z, = 2 8  t o  t h e  p r o c e s s i n g  of magnet ic  f i e l d  

no  o t h e r  t w i s t  s e s s i o n s .  This  r e p r e s e n t s  a s u b s t a n t i a l  l i m i t a t i o n  
o f  t h e  expe r imen t  s i n c e ,  i n  p r i n c i p l e ,  f e r r o s o n d e  magnetometers 
are s u b j e c t  t o  z e r o  c r e e p s .  

A f t e r  

S ince  d u r i n g  

measurements p r i o r  and f o l  I owing t h o s e  o f  August 1 6 .  There w e r e  

The c o n s i d e r a t i o n  o f  combined e x p e r i m e n t a l  d a t a  o b t a i n e d  
d u r i n g  t h e  i n t e r p l a n e t a r y  space f l i g h t  y i e l d s  d e f i n i t e  p o s s i b i l i -  
t i e s  f o r  e s t i m a t i n g  t h e  s t a b i l i t y  of  t h e  magnetometer. 
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MAGNETIC F I E L D  MEASUREMENTS I N  THE 
INTERPLANETARY S P A C E  

c 

Magnet ic  f i e l d  measurements an t h e  r o u t e  Earth-Venus w e r e  
conducted  d i s c r e t l y  once every  4 h r s  and r eco rded  i n  a memory 
d e v i c e .  Moreover, d u r i n g  some of t h e  communications s h o r t - t e r m  
measurements w e r e  conducted with r e a d o u t s  t aken  e v e r y  34 sec o r  
7 sec i n  10-15  min. All magnet ic  measurement d a t a  w e r e  p roces -  
sed t a k i n g  i n t o  accoun t  t h e  i n i t i a l  z e r o - p o i n t s  o b t a i n e d  d u r i n g  
t h e  s e s s i o n  o f  August 1 6 ,  1967. F i g . 3  shows t h e  measured magne- 
t i c  f i e l d  v a l u e s  f o r  t h e  whole p e r i o d  o f  t h e  f l i g h t .  The r e s u l t s  
of  t h e  measurements are r e p r e s e n t e d  by scalar  f i e l d  q u a n t i t y  T ,  
and components a l o n g ,  and T ,  across t h e  r o t a t i o n  ax is  of t h e  
s t a t i o n .  The r o t a t i o n  of t h e  s t a t i o n  cou ld  t a k e  p l a c e  around t h e  
normal t o  t h e  s o l a r  b a t t e r i e s  w i t h  a v e r y  low a n g u l a r  v e l o c i t y  
(TL O.OlO/sec).  T h e r e f o r e ,  TI, v i r t u a l l y  c o i n c i d e s  w i t h  t h e  ra- 
d i a l  d i r e c t i o n  toward t h e  Sun. The d i r e c t i o n  of TJ- r e la t ive  t o  
t h e  e c l i p t i c  p l a n e  i s  unknown. Crosses d e s i g n a t e  t h e  mean v a l u e s  
o f  t h e  r e a d o u t s  r e c e i v e d  dur ing  d i rec t  t r a n s m i s s i o n s .  P l o t t e d  on 
t h e  upper  curve  are t h e  v a l u e s  of t h e  K-index of magnet ic  a c t i v i t y  
of t h e  Krasnaya Pakhra Observatory.  

The e n t i r e  f l i g h t  p e r i o d  may be c h a r a c t e r i z e d  as modera te ly  
p e r t u r b e d  w i t h  v a l u e s  K >/ 2 .  

From t h e  onboard magnetograms of sca la r  uiugnitude T ,  and 
f i e l d s  T I ,  and T, two n o t i c e a b l y  d i f f e r i n g  p e r i o d s  can be d e t e c t e d  
ncamely June-August and September-October. For  t h e  f i r s t  p e r i o d  
t h e  mean v a l u e s  o f  t h e  f i e l d  c o n s t i t u t e  For t h e  second p e r i o d  
t h e  mean f i e l d  v a l u e s  are no tceab ly  d i f f e r e n t :  f o r  t h e  p e r i o d  
f r o m  September 20  t o  October  15  f i e l d  modulat ion i s  c l e a r l y  ob- 
served and a s u b s t a n t i a l  i n c r e a s e  i n  t h e  mean v a l u e  of  t h e  f i e l d  
i s  a l s o  no ted .  I t  i s  n a t u r a l  t o  examine t o  what degree  t h e  
obse rved  v a l u e s  can be exp la ined  by v a r i a t i o n s  i n  t h e  l eve l  of 
h e l i o p h y s i c a l  a c t i v i t y  and by a decrease of  t h e  d i s t a n c e  t o  t h e  
Sun. 

Comparison o f  onboard magnetograms and magnet ic  a c t i v i t y  
i n d i c e s  h a s  made it p o s s i b l e  t o  e s t a b l i s h  t h a t  t h e  observed  geo- 
magne t i c  and s o l a r  a c t i v i t y  even t s  w e r e  d e f i n i t e l y  r e f l e c t e d  i n  
t h e  onboard magnetograms. W e  s h a l l  d e a l  f i r s t  of  a l l  w i t h  t h e  
September-October p e r i o d .  

I .  A magnet ic  d i s t u r b a n c e  ( K  = 5 )  w a s  observed  on September 
1 - 2 ,  1 9 6 7 .  Th i s  d i s t u r b a n c e  was most p robab ly ,  caused  by t h e  
a c t i v e  r e g i o n  of t h e  Sun ( 4  = t25O; L = 9 0 " ) .  A class  3 f l a r e  
w a s  obse rved  i n  t h i s  r e g i o n  a t  1330-1410 hour s  on August 2 9 .  The 
ac t ive  r e g i o n  passed  through t h e  c e n t r a l  mer id i an  on August 25 .  
The r e c u r r e n t  magnet ic  d i s t u r b a n c e  o f  September 28-October 1, 1967 
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can be  connec ted  w i t h  t h e  r e s i d u e s  of t h i o  r e g i o n .  I n c r e a s e s  
i n  t h e  K-index o f  magnet ic  a c t i v i t y  d u r i n g  t h e  days c e n t e r e d  
a round t h e s e  dates a r e  clearly v i s i b l e  on t h e  curve  K o f  F ig .3  
and are i n  good agreement  w i t h  t h e  i n c r e a s e  i n  T i n  t h e  onboard 
magne tograms. 

2 .  I n  t h e  i n t e r v a l  between t h e s e  d a t e s  a number of onboard 
magnetogram p e c u l i a r i t i e s  are a l so  i n  agreement  w i t h  t h e  v a r i a t i o n  
o f  t h e  magnet ic  a c t i v i t y  index.  Thus, t h e  q u i e t  September 9-12 
p e r i o d  w a s  broken by a new d i s t u r b a n c e  on September 1 3  ( K  = 5 ) ,  
which l a s t e d  u n t i l  September 1 4 .  On September 1 8  t h e  index  o f  
magne t i c  a c t i v i t y  began t o  i n c r e a s e  and one may v i s u a l i z e  i n  t h e  
September 20-22 p e r i o d  t h e  development o f  a magne t i c  storm ( K  = 6 ) .  
I t  c o u l d  be induced  by t h e  active group o f  t h e  n o r t h e r n  hemisphere 
i n  which a c lass  3 f l a r e  ( 4  = +15";  A = 6 0 " )  w a s  observed  on Sep- 
tember  1 8  a t  2318 hour s  o r  by t h e  development o f  a s o u t h e r n  hemi- 
s p h e r e  group which p a s s e d  through t h e  c e n t r a l  m e r i d i a n  on Septem- 
b e r  1 9  [19 ] .  A l l  t h e s e  e v e n t s  w e r e  a l s o  c l e a r l y  v i s i b l e  i n  t h e  
onboard magnetograms . 

3. Fol lowing t h e  r e c u r r e n t  storm of September 29-October 1 
permanent  weak d i s t u r b a n c e s  took p l a c e  on E a r t h  on October  4 ,  
5-7, 9-10 and f i n a l l y  15-16. Thus, t h e  end  of t h e  f i r s t  h a l f  
o f  October  w a s  modera t e ly  d i s t u r b e d .  October  17-18 and 19-20 
w e r e  magnetoquie t  days.  The l a s t  measurements before t h e  p lane-  
t a r y  p o r t i o n  of  t h e  t ra jec tory  refer  t o  October  15. The dep th  
o f  modula t ion  ( d i f f e r e n c e  between t h e  mean r e a d o u t  v a l u e s  i n  
m a g n e t i c a l l y  c a l m  and m a g n e t i c a l l y  d i s t u r b e d  days  acco rd ing  t o  
t h e  onboard magnetometer was 12-15y. 

4 .  The onboard magnetograms are a l s o  i n  s u f f i c i e n t l y  good 
agreement  w i t h  magne t i c  and geomagnetic i n d i c e s  f o r  o t h e r  nb- 
s e r v a t i o n  p e r i o d s .  These p e r i o d s  are: June  14-15, t h e  a c t i v e  
p e r i o d  of  June  25-July 1 which s t a r t e d  w i t h  a moderate  SC-storm 
on June  25 a t  1433 hour s  and t h e  d i s t u r b a n c e  o f  J u l y  11 ( K  = 4 ) ;  
t h e n ,  th rough J u l y  2 6 ,  fol lowed a q u i e t  p e r i o d  i n  t h e  magnet ic  
f i e l d  which w a s  r e f l e c t e d  i n  the  onboard magnetogram by on ly  
scarce d i r e c t  t r a n s m i s s i o n  r eadou t s .  Such r e a d o u t s  are t y p i c a l  
o f  t h e  i n t e r p l a n e t a r y  f i e l d  i n  q u i e t  p e r i o d s  o r  q u i e t  i n t e r v a l s  
of an a c t i v e  p e r i o d .  However, s o l i t a r y  peaks r e p r e s e n t e d  by a 
few r e a d o u t s  are n o t  u n r e l i a b l e .  Fo r  i n s t a n c e ,  t h e  peak of 
August  2 4  (% 2OY) marked i n  F ig .3 ,  can be connec ted  w i t h  t h r e e  
c lass  2 - f l a r e s  r e c o r d e d  i n  t h e  Sun on August 2 4 ,  1967 [ 2 0 ] .  

T h e r e f o r e ,  n o t w i t h s t a n d i n g  t h e  s c a r c i t y  of measurements ( 6  
r e a d o u t s  a d a y ) ,  t h e  onboard magnetograms, make i t  p o s s i b l e  t o  
e s t a b l i s h  a 27-day r e c u r r e n c e  p e r i o d  i n  i n t e r p l a n e t a r y  f i e l d  i n -  
t e n s i t y  l i n k e d  w i t h  t h e  r o t a t i o n  o f  t h e  Sun. This  r e s u l t  i s  i n  
agreement  w i t h  t h e  concepts  of s o l a r  o r i g i n  of t h e  i n t e r p l a n e t a r y  
f i e l d  [15]  and of t h e  l i n k  e x i s t i n g  between t h e  i n t e r p l a n e t a r y  
f i e l d  and t h e  Sun [ 1 6 1 .  
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Moreover, t h e  c o r r e l a t i o n  between t h e  v a l u e  of t h e  m a g -  
n e t i c  a c t i v i t y  index  and  i n t e r p l a n e t a r y  f i e l d  i n t e n s i t y  i s  
s u f f i c i e n t l y  c l e a r l y  o u t l i n e d .  Th i s  l i n k  w a s  s t a t i s t i c a l l y  
e s t a b l i s h e d  d u r i n g  t h e  p e r i o d  of t h e  minimum of magne t i c  ac t i -  
v i t y  on t h e  b a s i s  of t h e  d a t a  of  EXPLORER-18 [ 1 7 ] .  

5 .  Dash curves  are p l o t t e d  on c u r v e s  f o r  TI and T I I  ( F i g . 3 ) .  
They are o b t a i n e d  by smoothing o u t  t h e  cu rves  p l o t t e d  a long  
p o i n t s  w i t h  a minimum r e a d o u t  of scalar  q u a n t i t i e s  TI and TI, 
F i r s t  o f  a l l  i t  s h o u l d  be noted  t h a t  t h e  f i e l d  va lues  counted  
from t h i s  cu rve  r e v e a l  t h e  m o s t  e v i d e n t  agreement w i t h  t h e  
magne t i c  a c t i v i t y  index .  The re fo re ,  i t  can be assumed t h a t  t h e  
d o t t e d  c u r v e s  r e p r e s e n t  t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  i n  
i n t e r v a l s  o f  magnet ic  a c t i v i t y  minimum, w h i l e  t h e  v a r i a b i l i t y  
of  t h e  c u r v e s  i s  l i n k e d  t o  s p a t i a l  v a r i a t i o n s  i n  t h e  i n t e n s i t y  
of  a q u i e t  and r e g u l a r  i n t e r p l a n e t a r y  f i e l d .  According t o  
P a r k e r  [ 1 4 1  i n c r e a s e  i n  t h e  i n t e n s i t y  of f i e l d ' s  r a d i a l  compo- 
n e n t  shou ld  be expec ted  acco rd ing  t o  t h e  l a w  '/ 2 ,  w h i l e  increa-  
ses f o r  t h e  t r a n s v e r s e  component would f o l l o w  t6e l a w  l/r, where 
r is  t h e  d i s t a n c e  t o  t h e  Sun. Consequent ly ,  w i t h  s t a t i o n ' s  
s h i f t  from t h e  E a r t h ' s  t o  Venus' o r b i t ,  an i n c r e a s e  can be 
obse rved  o f  t h e  TI component by a fac tor  of 1 . 4 ,  and  of t h e  
r a d i a l  component - by a f a c t o r  of 2 .  I t  i s  r a t h e r  compl ica ted  
t o  p l o t  a curve  on t h e  b a s i s  of t h e  r e a d o u t s  of r a d i a l  component 
T I , .  Curves Tl and TII reveal a s a t i s f a c t o r y  numer i ca l  agreement 
w i t h  such  a model. A t  t h e  d i s t a n c e  o f  t h e  Venus o r b i t ,  t h e  
f i e l d  de t e rmined  on t h e  bas i s  of t h e  d o t t e d  cu rve  i s  lly. One 
c a n n o t  f a i l  t o  c o n s i d e r  whether  o r  n o t  t h e  rise o f  d o t t e d  c u r v e s  
f o r  TI, and Tl is  t h e  r e s u l t  of z e r o  c r e e p  i n  magnetometer chan- 
n e l s .  Labora to ry  ground t e s t s  of t h e  equipment are i n  c o n t r a -  
d i c t i o n  w i t h  such  an assumption because  t h e  i n s t r u m e n t s  do n o t  
d e t e c t  a monotonic c r e e p .  However, onboard magnetograms do n o t  
e x c l u d e  such  a p o s s i b i l i t y .  The d o t t e d  TiI and T I  cu rves  p a s s  
c l o s e  t o  t h e  mean f i e l d  i n  t h e  v i c i n i t y  of AugusE 1 6  when t h e  
z e r o  r e a d o u t s  o f  t h e  magnetometer w e r e  de te rmined .  I n  t h i s  
case i t  is  p o s s i b l e  t o  est imate  t h a t  t h e  u l t i m a t e  p o s s i b l e  d r i f t  
of t h e  magnetometer d i d  n o t  exceed 6 y  a t  t h e  moment O f  t i m e  
when t h e  s t a t i o n  approached t h e  o r b i t  of Venus. 

- 

6 .  Measurements c a r r i e d  o u t  by means of p a r a b o l i c  an tennas  
d u r i n g  i s o l a t e d  communications s e s s i o n s  are of  great  impor tance .  
During t h e s e  sessions t h e  s t a t i o n  w a s  t u r n e d  away from t h e  Sun 
and t h e  c u r r e n t  of  t h e  s o l a r  b a t t e r i e s  w a s  minimum. Th i s  mode 
d i f f e r s  f r o m  t h e  mode of  t h e  t w i s t  t e s t  of August 1 6 ,  1 9 6 7  b u t  
i s  q u i t e  analogous t o  t h e  mode of t h e  s t a t i o n  over t h e  nea r -  
p l a n e t a r y  p o r t i o n  of t r a j e c t o r y .  The components of t h e  measured 
f i e l d  i n  t h e  s o l a r - e c l i p t i c  c o o r d i n a t e  sys tem w e r e  de te rmined  on 
t h e  b a s i s  o f  d a t a  on o r i e n t a t i o n  t a k i n g  i n t o  accoun t  t h e  magneto- 
meter z e r o - p o i n t s  o b t a i n e d  on August 1 6 ,  1967 and t h e  s t r u c t u r a l  
d i s p o s i t i o n  of  s e n s o r s  i n  t h e  s t a t i o n .  
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Fig .  4 

M e a s u r e d  i n t e r p l a n e t a r y  f i e l d  c o m p o n e n t s  
i n  q u i e t  p e r i o d s .  Z s e  i s  t h e  c o m p o n e n t  
n o r m a l  t o  t h e  e c l i p t i c  p l a n e ,  H s e  i s  t h e  

c o m p o n e n t  w i t h i n  t h e  e c l i p t i c  p l a n e .  

Shown i n  F i g . 4  a r e  t h e  f i e l d  components i n  the i n t e r p l a n e -  
t a r y  s p a c e  on August 2 1 ,  3 0 ,  September 1, 8 ,  9 and October  11 
( q u i e t  p e r i o d s ) ,  and i n  F i g . 5  - t h e  f i e l d  components on August 
11 and September 30 ( d i s t u r b e d  p e r i o d s .  I n  these f i g u r e s  ZSe 
d e n o t e s  t h e  component p e r p e n d i c u l a r  t o  t h e  e c l i p t i c  p l a n e  and 
H s e  - t h e  component i n  t h e  e c l i p t i c  p l a n e .  The p o s i t i v e  com- 
ponen t  d i r e c t i o n s  ( ind ica t ed  by arrows) are o r i e n t e d  toward 
t h e  North p o l e  of t h e  e c l i p t i c  fo r  ZSe, and toward t h e  Sun fo r  
H s e  

As may be s e e n  f r o m  F ig .4 ,  i n  magnetoquie t  p e r i o d s  t h e  
normal  component Zse is  i n  t he  m a j o r i t y  of cases smaller t h a n  
the l o n g i t u d i n a l  component Hse.  On t h e  ave rage ,  t h e  p o s i t i o n  
of component H s e  co r re sponds  t o  t h e  Archimedean s p i r a l  of t h e  
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11 A u g u s t  1 9 6 7  

30  S e p t e m b e r  1 9 6 7  

Fig.  5 

I n t e r p l a n e t a r y  f i e l d  c o m p o n e n t s  d u r i n g  a m a g n e t i c  s t o r m .  



1 3  

i n t e r p l a n e t a r y  f i e  I d .  

During t h e  communication s e s s i o n s  o f  August 11 and Sep- 
tember 30,  1967 (F ig .5 )  s i g n i f i c a n t  magnet ic  f i e l d s ,  r e s p e c t i v e l y  
o f  1 2  and 25y ,  w e r e  r eco rded .  A s  a l r e a d y  mentioned,  September 
30 w a s  a d i s t u r b e d  day ( K  = 5 ) .  

The i n c r e a s e  of t h e  f i e l d  component t r a n s v e r s e  t o  t h e  
e c l i p t i c  p l a n e  i s  most unusua l .  I t  exceeds  t h e  f i e l d  component 
H s e  - The h i g h  v a l u e s  of f i e l d ' s  sca la r  q u a n t i t i e s  on September 
30 are confirmed by t h e  r eadou t s  r e c e i v e d  on September 30 under  
s t o r a g e  c o n d i t i o n s .  I n  o t h e r  words,  i n  t h e s e  cases, t h e  s p e c i a l  
f e a t u r e s  of  f i e l d  o r i e n t a t i o n  cannot  be a s c r i b e d ,  f o r  i n s t a n c e ,  
t o  e l e c t r o m a g n e t i c  d e v i a t i o n .  F i e l d  r e a d o u t s  r e c e i v e d  d u r i n g  
t h e  l a s t  d i r e c t  t r a n s m i s s i o n  of October  11 seven days  b e f o r e  t h e  
n e a r - p l a n e t a r y  s e s s i o n ,  are t y p i c a l  of  measurements i n  a magne- 
t o q u i e t  t i m e  acco rd ing  t o  both  t h e  s ca l a r  f i e l d  v a l u e  and t h e  
r a t i o  between components H s e  and Zse. I t  i s  p o s s i b l e  t h a t  t h e  
p e c u l i a r i t i e s  o f  o r i e n t a t i o n  recorded  on September 30 w i l l  f i n d  
e x p l a n a t i o n  i n  t h e  r e p r e s e n t a t i o n s  on t h e  shock f r o n t  o c c u r r i n g  
d u r i n g  p e r t u r b a t i o n s  i n  t h e  i n t e r p l a n e t a r y  medium. I f  t h e  com- 
p r e s s i o n  wave p ropaga t ing  i n  t h e  i n t e r p l a n e t a r y  medium d u r i n g  
t h e  p e r t u r b a t i o n ,  s h o u l d  l e a d  t o  an i n c r e a s e  of t h e  f i e l d  com- 
ponen t  normal t o  t h e  e c l i p t i c  p l a n e ,  a c lear  connec t ion  between 
t h e  v a l u e  of  t h e  magnet ic  f i e l d  and t h e  K-index of magne t i c  
a c t i v i t y  would f i n d  i t s  n a t u r a l  e x p l a n a t i o n  w i t h i n  t h e  framework 
o f  t h e  Dungey model [21]. 

A s  a mat ter  of f a c t ,  f o r  any s i g n  of t h e  p e r t u r b e d  i n t e r -  
p l a n e t a r y  f i e l d ,  t h e  s i g n  o f  i t s  v e r t i c a l  component w i l l  be  
o p p o s i t e  t o  t h a t  o f  t h e  v e r t i c a l  components o f  e i t h e r  a h igh-  
l a t i t u d e  geomagnet ic  f i e l d  from t h e  d i u r n a l  s i d e  o r  of a geomag- 
n e t i c  f i e l d  i n  t h e  e q u a t o r i a l  p l a n e .  A l l  t h i s  c o n t r i b u t e s  t o  
p r o c e s s e s  o c c u r r i n g  i n  t h e  magnetosphere t a i l  and i n  t h e  v i c i n i t y  
of  t h e  n e u t r a l  p o i n t s .  Obviously,  a d d i t i o n a l  p e r t u r b a t i o n s  of 
t h e  magne t i c  f i e l d  i n  t h e  t r a n s i t i o n a l  zone between t h e  magneto- 
s p h e r e  and t h e  E a r t h ' s  shock f r o n t  can compl i ca t e  t h i s  p a t t e r n .  
The magne t i c  f i e l d  measured on October 11 ( F i g . 4 )  7 days  b e f o r e  
t h e  c n d  o f  t h e  s e s s i o n  d u r i n g  a magnetoquie t  t i m e  w a s  found t o  
be e q u a l  t o  7y. This  makes less  p r o b a b l  t h e  assumption of a 
s y s t e m a t i c  z e r o  c r e e p  w i t h o u t ,  however, n o t  e x c l u d i n g  comple te ly  
t h e  p o s s i b i l i t y  of  i t s  e x i s t e n c e .  

MAGNETIC FIELD MEASUREMENTS I N  THE V I C I N I T Y  O F  VENUS 

Magnet ic  f i e l d  measurements d u r i n g  t h e  n e a r - p l a n e t a r y  s e s s i o n  
began a t  3117 hour s  UT on October  1 8 ,  1967 a t  a d i s t a n c e  of ?J 6Rv 
( f r o m  t h e  c e n t e r )  on t h e  evening s i d e  and l a s t e d  up t o  a d i s t a n c e  
of % 200 km from p l a n e t ' s  s u r f a c e  (see F i g . 6 ) .  Magnetometer read- 
o u t s  w e r e  t a k e n  down eve ry  7 sec d u r i n g  1 . 5  h r s .  I n  a l l ,  more 
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t h a n  700 r e a d o u t s  w e r e  o b t a i n e d  d u r i n g  t h e  n e a r - p l a n e t a r y  
s e s s i o n .  I n  t h e  c o u r s e  of these measurements A I S  VENERA-4 
w a s  o r i e n t e d  toward t h e  Sun and toward t h e  E a r t h  (as i n  o ther  
communication s e s s i o n s  by means of a p a r a b o l i c  a n t e n n a ) .  Th i s  
o r i e n t a t i o n  remained unchanged for  t h e  whole d u r a t i o n  of t h e  
e n t i r e  s e s s i o n .  N o  magnet ic  measurements by VENERA-4 w e r e  con- 
d u c t e d  i n  t h e  i n t e r p l a n e t a r y  space  on October  1 6  and 1 7 ,  1 9 6 7 .  

The magnet ic  data  p e r t a i n i n g  t o  t h e  n e a r - p l a n e t a r y  s e s s i o n  
w e r e  p r o c e s s e d  on the basis of t h e  z e r o - p o i n t s  de te rmined  on 
August 1 6 ,  1967. The r e s u l t  of measurements are shown i n  F ig .6  
i n  t h e  form of c u r v e s  f o r  t h e  t o t a l  vector T and a n g l e s  4 and 8 .  
@ is  t h e  a n g l e  between the  p r o j e c t i o n  of t h e  t o t a l  vector on t h e  
e c l i p t i c  p l a n e  and t h e  d i r e c t i o n  toward the Sun. Looking from 
t h e  North p o l e  of t he  e c l i p t i c  it i s  counted  coun te rc lockwise .  
8 i s  t h e  i n c l i n a t i o n  a n g l e  of t h e  t o t a l  vector t o  t h e  e c l i p t i c  

ward t h e  North p o l e  of the  e c l i p t i c  and "-" toward i t s  South 
p o l e .  The i n i t i a l  data of t h e  n e a r - p l a n e t a r y  s e s s i o n  are shown 
i n  F i g . 7  i n  t h e  form of f i e l d  components i n  t h e  c o o r d i n a t e  sys- 
t e m  of t h e  s t a t i o n .  

p l a n e .  T h i s  a n g l e  i s  counted  from t h e  e c l i p t i c  p l a n e  "+" to- 

I n  t h e  n e a r - p l a n e t a r y  p o r t i o n  of t h e  t r a j e c t o r y  t h e  magnet ic  
f i e l d  can be c l e a r l y  d i v i d e d  i n t o  t w o  character is t ic  r e g i o n s :  
1) a r e g i o n  from 6 t o  4Rv where the f i e l d  remains almost un- 
changed i n  magnitude and d i r e c t i o n  ( i n  t h i s  sector t h e  RMS de- 
v i a t i o n  f o r  l minute  i n t e r v a l s  i s  e i t h e r  close t o  z e r o  o r  does 
n o t  exceed  1.2); 2) a r e g i o n  of t h e  a g i t a t e d  f i e l d  f r o m  4Rv up 
t o  200 km from t h e  s u r f a c e  ( i n  t h i s  r e g i o n  t h e  RMS d e v i a t i o n  i s  
close t o  5 for 1 min i n t e r v a l s ) .  Over t h e  i n i t i a l  sector t h e  
mean v a l u e  of  t h e  t o t a l  v e c t o r  modulus i s  abou t  17y, i . e .  it 
exceeds  t h e  unpe r tu rbed  i n t e r p l a n e t a r y  f i e l d ,  w h i l e  i n  t h e  r e g i o n  
w i t h  i n c r e a s e d  f l u c t u a t i o n s  i t  is  enhanced,  on t h e  ave rage  up t o  
25y ( i n  t h e  maximum up t o  3 5 ~ ) .  

One may n o t  exc lude  the assumption t h a t  i n  the f i r s t  r e g i o n  
of t h e  n e a r - p l a n e t a r y  t r a j e c t o r y  sector t h e  e x c e s s  of f i e l d  mag- 
n i t u d e  expec ted  i n  a free space  a t  a d i s t a n c e  o f  0 .7  a .u .  can 
be connec ted  w i t h  errors i n  the d e t e r m i n a t i o n  of t h e  a b s o l u t e  
v a l u e  of t h e  f i e l d .  The s i g n i f i c a n t  v a l u e  of t h e  Zse-component 

c o u l d  a lso b e  l i n k e d  w i t h  t h e  same error. However, as may be 
s e e n  f r o m  magnetograms of Fig .8  t h e  f i e l d  i n c r e a s e  a t  a d i s t a n c e  
o f  Q 4% o r  c l o s e r  t o  t h e  p l a n e t  i s  due main ly  t o  t h e  growth of 
ZSe,  w h i l e  f i e l d  v a r i a t i o n s  i n  t h i s  sector are c l e a r l y  correlated 
w i t h  v a r i a t i o n s  i n  plasma flow* ( F i g . 6 ) .  

A synchronous v a r i a t i o n  in t h e  magnet ic  f i e l d  and i n  t h e  
p o s i t i v e  i o n  f l u x  takes  p l a c e  du r ing  t h e  t r a n s i t i o n  f r o m  t h e  
q u i e t  t o  t h e  t u r b u l e n t  r eg ion :  a s imul t aneous  i n c r e a s e  of t h e  
m a g n e t i c  f i e l d  and of t h e  i o n  f l u x  takes p l a c e  w i t h i n  a 7 second- 

* Data on plasma traps were k i n d l y  communicated to us by K . I .  
Gringauz. 
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i n t e r v a l .  E s p e c i a l l y  c l e a r l y  o u t l i n e d  are  t h r e e  c h a r a c t e r i s  t i c  
f i e l d  and plasma b u r s t s  i n  the  v i c i n i t y  of 4 R v .  The magne t i c  
f i e l d  maxima a t  3 . 7  Rv and 2 . 5  Rv are i n  good agreement  w i t h  t h e  
maximum v a l u e s  o f  t h e  i o n  f l u x .  The c lear  c o r r e l a t i o n  between 
Zse -va r i a t ions  and t h e  i o n  f l u x  p o i n t  t o  t h e  r e a l i t y  o f  t h i s  
f i e l d  component and i t s  involvement  i n  t h e  mechanism of  
s t r e a m l i n e  f l o w  p a s t  t h e  p l a n e t .  

A t  t h e  end of  t h e  n e a r - p l a n e t a r y  s e s s i o n  a d r o p  of t h e  
magne t i c  f i e l d  t o  1 5 y  i s  observed  s i m u l t a n e o u s l y  w i t h  a d e c r e a s e  
of t h e  i o n  f l u x .  L e t  us  n o t e  t h a t  a t  t h e  end o f  t h e  measurements 
t h e  mean leve l  of plasma t r a p  r e a d i n g s  i s  somewhat lower t h a n  
a t  t h e  ve ry  s t a r t  a t  6 R v .  

The measurements i n  t h e  v i c i n i t y  of Venus w e r e  c a r r i e d  o u t  
d u r i n g  a magnetoquie t  p e r i o d .  According t o  t h e  data  o f  t h e  
Krasnaya Pakhra Observa tory  t h e  K-index was most ly  e q u a l  t o  2 
d u r i n g  2 4  hours  on October  17  and 18 ,  and reached  3 a t  s p e c i f i c  
hour s  only .  

I n  t h e  most g e n e r a l  case, and beyond p o s s i b l e  measurement 
errors mentioned ea r l i e r ,  i t  is n a t u r a l  t o  assume t h a t  t h e  ob- 
s e r v e d  magnet ic  f i e l d  i s  a s u p e r p o s i t i o n  of t h e  s o l a r  wind f i e l d  
deformed by t h e  p l a n e t  which is an o b s t a c l e  t o  a f r e e  f low,  and 
of a p o s s i b l e  f i e l d  of Venus. 

SHOCK FRONT I N  THE V I C I N I T Y  OF V E N U S  

A s  a l r e a d y  mentioned,  magnet ic  f i e l d  i n t e n s i t y  i n  t h e  v i c i -  
n i t y  o f  t h e  p l a n e t  c l e a r l y  d i f f e r s  o v e r  two p o r t i o n s  of t h e  t r a -  
j e c t o r y .  A t  t h e  d i s t a n c e  of 6-4Rv  t h e  f i e l d  is  v e r y  r e g u l a r  and 
a c t u a l l y  v a r i e s  on ly  s l i g h t l y  i n  magnitude and d i r e c t i o n .  I n  t h e  
sector o f  4-1.05Rv from t h e  c e n t e r  of  t h e  p l a n e t ,  t h e  f i e l d  h a s  
n o t i c e a b l e  a n g u l a r  f l u c t u a t i o n s  and n o t i c e a b l e  i n t e n s i t y  var ia -  
t i o n s  a l though  i t  6.3es c o n t a i n  a b a s i c a l l y  r e g u l a r  f i e l d  component 
t r a n s v e r s e  t o  t h e  e c l i p t i c  p l ane .  

F i g . 8  shows t h e  f i e l d  components i n  t h e  e c l i p t i c  p l a n e  and 
normal  t o  t h i s  p l a n e  a long  t h e  s t a t i o n  t r a j e c t o r y ,  averaged  f o r  
s e p a r a t e  t i m e  i n t e r v a l s .  The p o s i t i o n  o f  t h e  shock wave f r o n t  
f o r  a Mach number M a  >, 7 ,  i s  shown i n  t h e  same p l a n e .  

According t o  [ 2 3 1 ,  i n  a gas-dynamical ana logy ,  t h e  shock 
f r o n t  i n  t h e  f r o n t a l  p a r t  o f  a s p h e r i c a l  o b s t a c l e  l a g s  a t  a d i s -  
t a n c e  yJ; = 1 . 2 4 r ,  f o r  y = 2 and r* = 1.18ro f o r  y = 5/3,  where 
r o  is  t h e  o b s t a c l e ' s  r a d i u s  and y i s  t h e  a d i a b a t i c  exponent .  
I n  o t h e r  models r *  -- l . 5 r o  i 2 4 1 .  The d i s t a n c e  t o  t h e  s t o p p i n g  
p o i n t  i n  t h e  f r o n t a i  p a r t  of t h e  shock f r o n t  i n  t h e  v i c i n i t y  of  
Venus w a s  chosen e q u a l  t o  1 . 2  R,. A s  maybe s e e n  i n  t h e  f i g u r e ,  
f o r  M a  h 7 t h e  boundary between t h e  " r e g u l a r "  and " a g i t a t e d "  
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18 October 1 9 6 7  

.- I. 

Fig. 8 

Mean v a l u e s  o f  f i e l d  c o m p o n e n t s  i n  s t a t i o n ' s  s y s t e m  o f  
c o o r d i n a t e s .  The  v e r t i c a l  v e c t o r s  a r e  t h e  Z s e  c o m p o n e n t  
tl1c l l s e  c o m p o n e n t  i s  p l o t t e d  i n  t h e  e c l i p t i c  p l a n e .  T h e  
t r a j e c t o r y  o f  M A R T N E R - 2  i s  shown b e n e a t h  bv a s h a r p  dashed 

c u r v e  
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p a r t s  of t h e  f i e l d  p a s s e s  very c l o s e  t o  t h e  shock wave f r o n t .  
The g i v e n  p a t t e r n  does n o t  c o n t r a d i c t  t h e  concep t  of t h e  s t a -  
t i o n  c r o s s i n g  t h e  shock wave f r o n t  a t  a d i s t a n c e  of  2 3 , 0 0 0  km, 
Another  i m p o r t a n t  f a c t o r  i n  f a v o r  of  t h i s  r e p r e s e n t a t i o n  i s  
t h e  p o s i t i v e  c o r r e l a t i o n  between t h e  magnet ic  f i e l d  i n t e n s i t y  
and t h e  p o s i t i v e  i o n  f l u x  r e g i s t e r e d  by charged  p a r t i c l e  t r a p s  
[ 2 2 ] .  I n  t h e  4Rv - 1.05 R, s e c t o r ,  t h e s e  cu rves  r e p e a t  each  
o t h e r  i n  n o t a b l e  d e t a i l s .  This  p e c u l i a r i t y  i s  t y p i c a l  o f  an 
o s c i l l a t o r y  p r o c e s s  [ 2 5 - 2 6 1 .  Jn t k . e  o t h e r  hand,  i f  one compares 
t h i s  s i t u a t i o n  w i t h  t h a t  i n  t h e  v i c i n i t y  of  t h e  shock f r o n t  of 
t h e  E a r t h ' s  magnetosphere and w i t h  s o m e  t h e o r e t i c a l  c r i t e r i a ,  
one can n o t  over look  s p e c i f i c  c o n t r a d i c t i o n s :  

1) I n  s p i t e  of t h e  theoret ical  r equ i r emen t s  [ l o ] ,  t h e  
normal magnet ic  f i e l d  components H n ,  and H n ,  t o  t h e  r i g h t  and 
t o  t h e  l e f t  of  t h e  shock f r o n t  s u r f a c e  show an i n e q u a l i t y .  
L e t  us  n o t e ,  however, t h a t  t h i s  c o n d i t i o n  of  e q u a l i t y  o f -no rma l  
components i s  n o t  always f u l f i l l e d  f o r  t h e  shock f r o n t  i n  t h e  
v i c i n i t y  of E a r t h  e i t h e r  [ 2 7 ] .  

2 )  The magnitude and d i r e c t i o n  o f  t h e  f i e l d  d i f f e r  n o t a b l y  
from t h o s e  of t h e  q u i e s c e n t  i n t e r p l a n e t a r y  magnet ic  f i e l d  a l r e a d y  
over t h e  6 R v  t o  4 R v  segment.  T h i s  i s  i n  c o n t r a d i c t i o n  w i t h  
t h e  known r e p r e s e n t a t i o n s  on t h e  shock wave f r o n t .  The Zse - 
component, which i s  normal t o  t h e  e c l i p t i c  p l a n e ,  has  i t s  h i g h e s t  
v a l u e  over t h e  e n t i r e  n e a r - p l a n e t a r y  s e c t o r ,  t h e r e b y  markinq a 
n o t i c e a b l e  d i f f e r e n c e  from t h e  u n p e r t u r b e d  i n t e r p l a n e t a r y  space  
where t h e  component i n  t h e  e c l i p t i c  p l a n e  exceeds  t h e  normal 
component. 

The d i f f e r e n c e  between t h e  unpe r tu rbed  magnet ic  f i e l d  ex- 
p e c t e d  on Venus'  o r b i t  (OW IO-{) and t h e  f i e l d  rneasured on t h e  
6 R v  - 4 R v  segment i s  6 y .  A s  a l r e a d y  ment ioned ,  under  r e a l  ex-  
p e r i m e n t a l  c o n d i t i o n s ,  t h i s  d i f f e r e n c e  l i es  w i t h i n  t h e  r ange  of 
p o s s i b l e  d e t e r m i n a t i o n  e r r o r s  and o f  magnetometer z e r o  s t a b i l i t y .  
On t h e  o t h e r  hand,  i t  may be admi t t ed  t h a t  t h i s  d i f f e r e n c e  i s  
r e a l .  A f i n a l  judgement on t h i s  p o i n t  i s  s e r i o u s l y  handicapped 
by l a c k  of i n f o r m a t i o n  f o r  October  1 6  and 1 7 .  With such  an ad- 
m i s s i o n  one  must assume t h a t  i n  t h e  v i c i n i t y  o f  Venus t h e  pe r -  
t u r b a t i o n  i s  of  a more complex n a t u r e .  The complexi ty  of  t h e  
s t r e a m l i n e  f low p a t t e r n  w a s  p o i n t e d  a t  i n  [ 2 5 ] ,  f o r  example,  
where t h e  e x i s t e n c e  o f  two Mach cones w a s  admi t t ed .  

I t  must be acknowledged t h a t  a d e s c r i p t i o n  of  t h e  observed  
p a t t e r n  i n  concep t s  o f  t h e  shock f r o n t  i s  a t  t h e  p r e s e n t  t i m e  
somewhat compl ica ted  s i n c e  t h e o r e t i c a l  models fo r  t h e  stream- 
l i n e  s o l a r  wind f l o w  pas t  p l a n e t s  devo id  of  i n t e n s e  p r o p e r  
magne t i c  f i e l d s  are s t i l l  i n  an i n i t i a l  s t a g e  of  development.  
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A s  a l r e a d y  mentioned,  t h e  maximum v a l u e  of  t h e  f i e l d  m e a -  
s u r e d  i n  t h e  n e a r - p l a n e t a r y  s e c t o r  a t  a d i s t a n c e  of 3.7 Rv i s  
35y. S i n c e  t h e  magne t i c  energy  d e n s i t y  of t h i s  f i e l d  i s  l o w e r  
than t h e  d e n s i t y  of s o l a r  wind r a d i a t i o n  or  comparable ene rgy ,  
i t  i s  n a t u r a l  t o  assume t h a t  t h i s  f i e l d  i s  c o n t r o l l e d  by t h e  
s o l a r  wind. I n  t h i s  connec t ion  i t  becomes n a t u r a l  t o  endeavour  
t o  f i n d  o u t  whether  o r  n o t  t h e  jump o f  t h e  magnet ic  f i e l d  and 
plasma a t  t h e  d i s t a n c e  of  2 3 , 0 0 0  km r e p r e s e n t s  " t h e  boundary of 
t h e  Venusian magnetosphere" .  

The admission o f  such  a p o s s i b i l i t y  r e s u l t s  i n  a magne t i c  
moment e q u a l  t o  % 1 / 2 0  of  t h e  E a r t h ' s  magne t i c  moment. I n  such  
a case,  a t  a d i s t a n c e  of 2 0 0  k m  from t h e  s u r f a c e  o f  Venus, a 
f i e l d  i n t e n s i t y  of 1500y should  be expec ted  on t h e  e q u a t o r .  
I n  r e a l i t y ,  as i s  shown i n  Fig.6 on t h e  n i g h t  side o f  Venus t h e  
mcasiired f i e l d  mmgnitude a t  a distacyce of nu 2 0 0  km is 15-f. Th i s  
c o n t r a d i c t i o n  canno t  be s u b s t a n t i a l l y  c o r r e c t e d  by t h e  cons ide -  
r a t i o n  t h a t  t h e  rea l  p o s i t i o n  of " t h e  boundary" may a l so  be  
de t e rmined  by t h e  p r e s s u r e  o f  t h e  plasma i n s i d e  t h e  ' 'magnetic 
c a v i t y  I' . 

A t  a d i s t a n c e  of 6 - 4Rv t h e  f i e l d  magnitude remains v i r -  
t u a l l y  unchanged and i s  e q u a l  t o  t h e  f i e l d  a t  t h e  d i s t a n c e  of 
200  km f r o m  t h e  s u r f a c e .  The re fo re ,  t h e  absence  of a n o t i c e a b l e  
d e c r e a s e  i n  t h e  f i e l d  w i t h  d i s t a n c e  and t h e  observed f i e l d  d i -  
r e c t i o n  do n o t  p e r m i t  t o  a t t r i b u t e  t h e  measured f i e l d  t o  Venus. 
On t h e  o t h e r  hand,  i n  a model analogy w i t h  t h e  f i e l d  of  t h e  
E a r t h ' s  magnet ic  t a i l ,  f i e l d  dec rease  w i t h  d i s t a n c e  w a s  t o  be 
e x p e c t e d  i f  t h i s  f i e l d  belonged t o  Venus. 

I f ,  n e v e r t h e l e s s ,  one assumes t h a t  t h e  observed f i e l d  
b e l o n g s  i n  p a r t  t o  Venus and t h a t  i t s  p r o p e r  f i e l d  i s  s t r o n g l y  
d i s t o r t e d  as a r e s u l t  o f  s o m e  complex d e f o r m a t i o n s ,  one shou ld  
t h e n  a d m i t  t h a t  s i n c e  measurements w e r e  t aken  on t h e  n i g h t  
s ide ,  t h e  p r o p e r  f i e l d  i s  weaker t h a n  t h e  observed  f i e l d .  I t  i s  
w e l l  known, t h a t  t h e  E a r t h ' s  f i e l d  i s  enhanced on t h e  n i g h t  s i d e .  

Thus, it  may be assumed t h a t  t h e  p o s s i b l e  magne t i c  d i p o l e  
moment o f  Venus i s  lower t h a n  t h a t  of t h e  E a r t h  by a f a c t o r  of 
3000 .  

The absence on Venus of a s u b s t a n t i a l  d i p o l e  f i e l d  i s  a 
r e s u l t  e x p e c t e d  on ly  up t o  a c e r t a i n  deg ree .  The a n g u l a r  r o t a t i o n  
v e l o c i t y  of  Venus i s  l o w .  A t  t h e  p r e s e n t  t i m e ,  t h e r e  i s  e v e r y  
r e a s o n  t o  c o n s i d e r  as d e f i n i t e l y  e s t a b l i s h e d  t h a t  t h e r e  e x i s t s  no  
p r o p o r t i o n a l i t y  between t h e  a n g u l a r  r o t a t i o n  v e l o c i t y  o f  a p l a n e t  
and its magne t i c  moment. Had such p r o p o r t i o n a l i t y  e x i s t e d  t h e  
f i e l d  on t h e  Venus' s u r f a c e  could  have r eached  200y.  
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A s  i s  w e l l  known, t h e  m a j o r i t y  of magne t i c  d i p o l e  models 
base t h e  e x p l a n a t i o n  o f  t h e  f i e l d  g e n e r a t i o n  mechanism or  of 
i t s  p e c u l i a r i t i e s  on p l a n e t  r o t a t i o n .  I t  i s  a l so  supposed [ 2 8 ]  
t h a t  an  asymmetric v e l o c i t y  d i s t r i b u t i o n  of mat ter  i n  t h e  d e p t h s  
of t h e  p l a n e t  p l a y s  an e s s e n t i a l  ro le  i n  f i e l d  g e n e r a t i o n .  I t  
i s ,  f o r  i n s t a n c e ,  assumed [ 2 9 1  t h a t  t h e  e x i s t e n c e  of  t r a n s v e r s e  
d i p o l e  components ( d i p o l e  i n c l i n a t i o n )  and i t s  e c c e n t r i c i t y ,  which 
are a c c u r a t e l y  de te rmined  for t h e  E a r t h  and are supposed t o  e x i s t  
on J u p i t e r ,  i . e . ,  t h e  t w o  p l a n e t s  p o s s e s s i n g  magne t i c  f i e l d s ,  are 
n o t  c a s u a l  b u t  are d i r e c t l y  connected w i t h  t h e  f i e l d  g e n e r a t i o n  
mechanism. On t h e  other  hand,  l o w  r o t a t i o n  veloci t ies  produce ,  
f o r  i n s t a n c e ,  a tendency t o  m a i n t a i n  az imutha l  asymmetry. There- 
fore ,  t h e y  behave as if t h e y  were a n o n l i m i t i n g  factor for t h e  
g e n e r a t i o n  mechanism. A t  the same t i m e ,  t h e  concep t  t h a t  r o t a t i o n  
c o n t r i b u t e s  t o  f i e l d  r e g u l a t i o n  of i n d i v i d u a l  c u r r e n t  vortices i f  
e i t h e r  g e n e r a t i o n  mechanism has i n  some measure l e d  t o  t h e i r  
f o r m a t i o n ,  i s  i n  no way i n c o n s i s t e n t  w i t h  any magne t i c  dynamo- 
model. However, o r d e r l i n e s s  i n  a m a g n e t i r  f i e l d  can al9-o take 
p l a c e  a t  l o w e r  a n g u l a r  r o t a t i o n  ve loc i t ies  p rov ided  t h e  d i r e c t i o n  
of p l a n e t ' s  a n g u l a r  r o t a t i o n  remains unchanged. I f  one a t t r i -  
b u t e s  t h e  v i r t u a l  absence  of a magnet ic  f i e l d  on Venus t o  i t s  
much lower a n g u l a r  r o t a t i o n  v e l o c i t y  as compared t o  E a r t h ,  it 
becomes n e c e s s a r y  t o  assume the  e x i s t e n c e  of a c e r t a i n  " c r i t i ca l "  
a n g u l a r  r o t a t i o n  v e l o c i t y ,  below which a l l  o ther  c o n d i t i o n s  b e i n g  
i d e n t i c a l ,  t h e  g e n e r a t i o n  and maintenance of a g e n e r a l  magnet ic  
f i e l d  i s  imposs ib l e .  

The f ac t  t h a t  Mars, whose a n g u l a r  r o t a t i o n  v e l o c i t y  i s  
close t o  t h a t  of t h e  E a r t h ,  has a v e r y  s m a l l  magnet ic  f i e l d  
o r  is  even  devo id  of it, i n d i c a t e s  t h a t  t h e  i n t e r n a l  s t r u c t u r e  
of Mars is e s s e n t i a l l y  d i f f e r e n t  from t h a t  of t h e  E a r t h  and 
t h a t  p robab ly  M a r s  does  n o t  have a conduc t ing  l i q u i d  c o r e .  I t  
i s  w e l l  known t h a t  t h e  g e n e r a l  models of t h e  i n t e r n a l  s t r u c t u r e  
o f  p l a n e t s  of t h e  terrestrial  group are based on t h e  c l o s e n e s s  
of t h e i r  mean d e n s i t i e s .  There i s  a good r eason  t o  a t t r i b u t e  
t h i s  t o  Venus where t h e  analogy was ex tended  a l s o  t o  dimensions 
and masses. The absence of a s u b s t a n t i a l  magne t i c  f i e l d  of  
Venus makes it p o s s i b l e  t o  assume t h a t  t h e  analogy between t h e  
E a r t h  and Venus does n o t  ex tend  beyond s i m i l a r i t i e s  of masses, 
d imens ions  and mean d e n s i t i e s .  F i n a l l y ,  it canno t  be exc luded  
t h a t  Venus i s  a t  one of t h e  s t a g e s  of cosmogonic development 
when t h e  magnet ic  f i e l d  i s  s m a l l ,  a s  w a s  t h e  case for t h e  E a r t h  
i n  t h e  p a s t  acco rd ing  t o  pa leomagnet ic  d a t a .  

CONCLUS I ON 

The s u b m i t t e d  expe r imen ta l  m a t e r i a l s  make i t  p o s s i b l e  t o  
a r r ive  t o  t h e  f o l l o w i n g  conc lus ions  : 

1. P l a n e t  Venus i s  devoid of a s u b s t a n t i a l  f i e l d  of d i p o l e  
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n a t u r e .  Its magnet ic  moment i s  smaller than  t h a t  of t h e  E a r t h  
by a f a c t o r  of  3000. 
w i t h  c o n s i d e r a t i o n s  r e g a r d i n g  t h e  i n t e r n a l  s t r u c t u r e  of  Venus 
and t h e  magnet ic  dynamo theo ry .  

p e r t u r b i n g  a c t i o n .  
d i s t r i b u t i o n  i s  n o t  i n c o n s i s t e n t  i n  a number of  main p e c u l i a r i -  
t i es  w i t h  t h e  concep t  t h a t  VENERA-4 c r o s s e d  t h e  shock f r o n t  a t  
a d i s t a n c e  of  Q 23,000 km from t h e  center of  t h e  p l a n e t .  

A t  t h e  same t i m e ,  t h e  observed  magnet ic  f i e l d  p a t t e r n  
on t h e  n e a r - p l a n e t a r y  sector i s  f a r  from t r i v i a l  and r e q u i r e s  
f u r t h e r  s t u d i e s  i n  t h e  l i g h t  of t h e o r e t i c a l  models. 

magni tude and s i g n  i n  t h e  n e a r - p l a n e t a r y  sector as b e i n g  e i t h e r  
a permanent s i n g u l a r i t y  or  v a r i a b l e  a s  a f u n c t i o n  of  i n t e r p l a n e -  
t a r y  magne t i c  f i e l d  p o l a r i t y  and a c t i v i t y ,  w i l l  be p o s s i b l e  only  
a f t e r  pro longed  o b s e r v a t i o n s  i n  p l a n e t ' s  v i c i n i t y .  These obse r -  
va t ions  must a l s o  be  c a r r i e d  ou t  on t h e  d i u r n a l  s i d e .  
v i o u s l y  may y i e l d  v a l u a b l e  d a t a  on t h e  i n t e r n a l  s t r u c t u r e  of  
Venus and on t h e  i n t e r a c t i o n  mechanism between t h e  magnet ized  
so l a r  plasma and t h e  c e l e s t i a l  bod ie s .  

This  r e s u l t  is  impor t an t  i n  connec t ion  

2 .  When so la r  wind f l o w s  p a s t  t h e  p l a n e t ,  it exerts a 
The observed  p a t t e r n  of  f i e l d  and plasma 

3. 

4 .  T o  fo rmula t e  a judgement on f i e l d  d i s t r i b u t i o n  by 

They ob- 

The a u t h o r s  have t h e  p l e a s u r e  t o  e x p r e s s  t h e i r  g r a t i t u d e  
t o  Yu.V. Afanas 'yev ,  V.P. Lyubik and G.N.  Alekseyeva fo r  t h e i r  
p a r t i c i p a t i o n  i n  t h e  p r e p a r a t i o n  of  t h e  equipment  and t o  com-  
r a d e s  having  p a r t i c i p a t e d  i n  t h e  d i s c u s s i o n s .  

* * * THE END * * * 
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